Boerhaave was of opinion that the heart and the muscles of respiration derived their power from the cerebellum; and his commentator, Van Sweeten, more than half a century later, adopts the view, though at the same time he states some objections which would appear fatal to the theory.
Serres, who shortly afterwards made experiments in which lateral injuries were inflicted upon the organ in horses and dogs, states that loss of power in the side opposite to the wound was a constant result.
Bouillaud, four years later, who made a wider series of observations bearing upon the same question, denies that pai*alysis was occasioned by such partial removals as he practised, and concludes that the only office of the cerebellum in vertebrate animals is to maintain such equilibrium between the two sides as is necessary for the performance of locomotion. Thus he limit s the co-ordination theory to the harmonizing of the movements of the right and left limbs. The theory of Flourens has since been supported by Longet, Hertwig, Budge, and Carpenter.
Majendie relates experiments and cases to prove that a power resides in the cerebellum which continually impels to forward movement; which, in a natural condition, is balanced by forces generated in other parts of the brain, which tend to produce retrogression.
Foville holds that the organ is a seat of sensation.
Wagner, while yielding a partial assent to the doctrine of Flourens, revives the theoiy of Willis as to the influence of the organ upon the involuntary muscles.
Finally, a physiologist no less distinguished than Brown-Sequard, holds that clinical observation and vivisection agree in showing that the cerebellum has not any of the functions with which it has hitherto been credited.
This diversity of opinion as to the use of the cerebellum has suggested a further inquiry; and it may be well to say a word in starting upon the principles on which it has been pursued.
In all the vertebrate animals the brain is divided into the same great divisions?the medulla, the hemispheres, the optic and olfactory lobes, and the cerebellum; and it may be inferred that the function of each of these grand components is invariable. It is not necessary to justify this assumption.
As to the cerebellum in particular, not only does it always hold the same position and maintain the same connexions, but it has a peculiar microscopic structure which is different from that of any other part of the brain, and which is essentially the same in whatever part of the animal kingdom it may be examined. There can, then, be no doubt as to the identity of this organ throughout the vertebrate class; and 1865.] cerebellum, compared to that of the central nervous system. Some of the experiments will be also given in detail. All observations of a merely negative character will be omitted, both in the table and in the detailed accounts, and given together subsequently.
The accuracy of every experiment has been verified by examina- tion of the parts after hardening in spirit.
Some of the observations will now be more fully given, commencing with those which display the effect of the additions of the cerebellum to the medulla.
ADDITION OF CEREBELLUM TO MEDULLA.
Common Sna7ce.?Two snakes were taken, and the hinder part of the skull was cut away in each?a work of some difficulty, owing to the great hardness of the bone. In both of these the cerebrum was separated from the medulla by a transverse section close behind the optic tubercles, and the cerebellum was then taken away from the medulla with cutting forceps, so that in each case only the medulla oblongata was kept in connexion with the cord. Subsequent examination proved that this centre was left unhurt, and that the separation was complete.
In both there was a moderate loss of blood. [Oct. [Oct.
In another frog, the cerebrum was cut away from the rest of the encephalon, leaving the cerebellum in its normal relation, as already described. The second walked off with much rapidity immediately after the section.
It went considerable distances with a persevering and not unnatural walk.
It made attempts to hop, but not with enough force to raise it off the ground.
It must appear from these experiments that the possession of the cerebellum is followed by a gain in the power of moving the limbs, and of a certain regularity in their action which did not before exist. It is obvious that these acquisitions were due simply to the possession of the cerebellum, since in the two classes of experiments the cerebrum was cut away scrupulously in the same situation, the external injury was the same in both, and the only difference between them was in the possession of the organ in question.
It further appears that the cerebrum has a greater control over the anterior than over the posterior members.
Water contrast with the kind of movements which followed the removal of the cerebellum.
In one instance, the section appeared to have passed exactly between the optic lobes and the cerebellum without injuring either. The animal walked about freely afterwards, and swam well. The movements were as before the operation, with the single exception that the right limbs were rather less active than the left. On dissection, a trifling injury was found upon the left cerebellar attachment.
In another experiment, the right attachment was unintentionally injured. The animal walked and swam, but with only three legs. The left hind leg was always kept within the shell, and offered more resistance than its fellows to being pulled out, so that its power of resistance was inverse to its freedom of motion.
The gain in the power of walking and swimming which follows the addition of the cerebellum is sufficiently evident. If the cerebellum maintains its perfect connexion with one side only, the limbs on the opposite side will acquire more freedom of movement than those on the same. The lateral inequality is more evident in the hind legs. Beside this, movements which with the medulla only were stilted and irregular, with the cerebellum became even and well adjusted. Since in these experiments the cerebrum has been previously taken away, it follows that the " co-ordinating" action is not a modification of impulses which arise in that part of the enceplialon.
Pike.?A small fish of this species was removed from water, the back part of the skull rapidly cut away, the cerebrum separated by a. Hence it appears that in those animals where the movements which belong to the cord and medulla are few and insignificant, where they are insufficient to produce locomotion or to maintain an unstable posture, the addition of the cerebellum generally gives both these capabilities.
In certain reptiles where feeble and irregular locomotion can be produced by means of the cord and medulla, the addition of the cerebellum gives a marked increase in the motor power of the limbs, and so adjusts their action that most of the movements of the animal are naturally executed.
Furthermore, it is a necessary conclusion that since the removal of the cerebrum in reptiles weakens, and in fish paralyses, the anterior extremities, that these members derive thence a large proportion of their motor power; while, since the hinder limbs and the trunk are not thus affected, it must appear that the cerebellum with the medulla and cord are the main centres by which these parts of the body are moved. The preceding deductions must show how much of this power is due to the cerebellum, and how much to the cord and medulla.
REMOVAL OR PARTIAL DETACHMENT OF CEREBELLUM.
Snake.?In three of the animals of this species which were experimented on, the cerebellum, as appeared by subsequent dissection, was completely removed without any further injury.
One never recovered from the immediate prostration, and died in a few hours; the others soon began to move about pretty freely. They were ready to take alarm when approached, and one of them escaped from a basket in which it was kept. The head was carried upraised and on the alert, and the tongue was used with its ordinary vivacity. It was noted, however, that on land, and more particularly in water, there was a tendency to move with the belly uppermost; but there was no rotation. There appeared to be in each case a loss of habitual activity; they lay motionless for long periods unless disturbed; but it was not possible to say that this deficiency was more than must be ascribed to the wound in the cranium.
The only effect that must necessarily be ascribed to the loss of the nervous centre is the failure in lateral balance.
In another experiment, similar in all respects, excepting that the cerebellum retained an attachment on one side, the same general stillness was observed, and the same rapid and irregular movements on agitation or in water. As to the negative results of these experiments, it appeared that in no case was the possession of sensation interfered with by the removal of the cerebellum.
It was also found that with copulating frogs, the male grasped the female with as much fervour without as with that organ.
Fish deprived of it were found not to have lost the activity of their alimentary canal, insomuch as shot introduced into the oesophagus, made the passage of the bowels as if no mutilation had been performed. Observations were made with a delicate thermometer, constructed for the purpose, which proved that the temperature in the oesophagus was not invariably altered by the removal of the cerebellum; and in cases where it was reduced by the operation, it was to so small an extent that it was believed to be no more than the loss of muscular activity in the animal easily accounted for. Finally, abundant secretion was found in the gall bladder, and on the mucous membranes, in animals which had lived for some time without the organ in question. It may, therefore, be inferred that the cerebellum is not concerned as the seat of sensation, nor as a channel for its passage; that it is not the instigator of the sexual propensity ; that it is not the source of power for the involuntary muscles ; that it has no function which is directly concerned in the maintenance of animal heat; and that it is not the excitor of secretion.
The consequences of the removal of the entire cerebellum may now be summed up.
.No faculty is lessened excepting such as concerns the voluntary muscles.
With snakes, where the organ is at a minimum, it is not possible to be sure of any loss consequent upon its removal, excepting a want of lateral equilibrium.
With frogs the consequences are almost inappreciable.
In the salamander, the smallness of the parts renders it difficult to limit the injury with accuracy. A tendency to rotation in water appears to follow the removal of the organ, though it is clear that in the absence of both cerebrum and cerebellum, the animal can walk in a natural manner.
With toads the only effect which is well marked and constant is a In the tables are the details of thirteen cases of softening of the cerebellum and three of active congestion. Softening.?The whole organ was softened in four cases. In none was any loss of sensation reported. In each there was a loss or alteration of the power of using the lower extremities, and not the upper. In one, the patient could only walk a few feet, and that backwards.
In another, he staggered in walking and frequently fell forwards. In the two others, the lower limbs gradually became weakened, and were affected with convulsive or tremulous movements.
A peculiar condition of sight in one case, and genital excitement in another, complete the symptoms ascribed to softening of the entire organ.
Nine cases are reported where one lobe of the cerebellum was softened while the other remained natural.
In one, in which the affection was limited to a part of the lobe, there was comvulsive action of the four limbs, without any apparent loss of power.
In the rest, the limbs on the side opposite to the mischief were enfeebled. The loss of power in the voluntary muscles, which was the prominent symptom in every case, was confined to the trunk and limbs with so much consistency, that we must necessarily conclude that the cranial nerves derived none of their influence from the organ to which the change has been confined.
